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Abstract. Recently, J. Teunissen reported a fully explicit method, namely the
current-limit approach, which claimed to overcome the dielectric relaxation time
restriction for the drift-diffusion plasma fluid model. In this comment, we point out
that the current-limit approach is not mathematically consistent, and discuss about
the possible reason why the inconsistency was not visibly noticed.
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Recently, J. Teunissen reported a fully explicit method which claimed to overcome
the dielectric relaxation time restriction for the drift-diffusion plasma fluid model [1].
The dielectric relaxation time restriction results from the coupling between the Poisson
equation and the charge carrier transport equations. This time restriction can be
removed by semi-implicit schemes [2, 3, 4, 5] at the price of solving a variable-coefficient
elliptic equation which is generally more expensive than solving a constant-coefficient
Poisson equation. Therefore, it would be valuable if one can use a fully explicit scheme
to overcome the dielectric relaxation time restriction.
The main concern of this comment is that the fully explicit method reported by J.
Teunissen, namely the current-limit approach, is not mathematically consistent.
A numerical scheme is consistent if its discrete operator converges towards the
continuous operator of the PDE for a mesh size ∆x→ 0 and time step ∆t→ 0, namely,
the truncation error should vanish.
Without loss of generality, we omit the diffusion term in the fluid model. The
transport equations in the fluid model may be written as
∂n
∂t
+
∂f
∂x
= s(n), (1)
and the semi-discretized form of Eq. (1) is,
dni
dt
+
fi+1/2 − fi−1/2
∆x
= s(ni). (2)
Then, Eq. (2) is consistent if it always converges to Eq. (1) as ∆x→ 0, namely
dni
dt
+
fi+1/2 − fi−1/2
∆x
= s(ni) +O(∆x
p), with p > 0. (3)
According to the current-limit approach, if the flux fi+ 1
2
> fmax where fmax =
ε0E
e∆t
(see Eqs. (17) and (18) of [1]), the flux fi+ 1
2
is limited to be f̂i+ 1
2
= fmax, and Eq. (2)
is changed to be
dni
dt
+
f̂i+1/2 − fi−1/2
∆x
= s(ni). (4)
Comparing Eqs. (4) and (2), when the current-limit approach is turned on, another
problem is solved
dni
dt
+
fi+1/2 − fi−1/2
∆x
= s(ni) +
fmax − fi+1/2
∆x
, (5)
namely, an additional term
fmax−fi+1/2
∆x
is added in the source term. Another possibility
is that fi− 1
2
is also limited; on this case, the additional term becomes
2fmax−fi−1/2−fi+1/2
∆x
.
In either case, the additional term does not vanish as ∆x→ 0.
Therefore, the current-limit approach (namely Eq. (4)) does not converge to Eq.
(1) which implies that the scheme is not consistent.
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Table 1. Numerically convergence rate for Eq. (6) solved with Eq. (7)
∆t error (| exp(1)− yh(1)|) numerically convergence rate
0.04 0.04988
0.02 0.02405 1.05
0.01 0.01079 1.16
0.005 0.004065 1.41
In [1], a convergence order in time was numerically observed (Fig. 3 and Fig. 5 in
[1]). We present the following example to show this is possible even for an inconsistent
approach:
dy
dt
= y, y(0) = 1. (6)
We solve Eq. (6) with the following scheme until t = 1,
yn+1 − yn
∆t
= 1.001× yn, y(0) = 1. (7)
Results in Tab. 1 show a numerically observed first order convergence. However, Eq. (7)
is not consistent with Eq. (6), but is consistent with another different problem similar
to Eq. (6):
dy
dt
= y + 0.001y, y(0) = 1. (8)
Now we may discuss on the possible reason for why there were no visible differences
between the current-limit approach and the explicit scheme shown in [1]. In the fluid
model, f = nv and s(n) = αn|v| = α|f |, with α typically not small. When both
fi+1/2 and fi−1/2 are limited, 2fmax − fi−1/2 − fi+1/2 may cancel to a large degree; when
fi−1/2 < fmax < fi+1/2 (i.e., only fi+1/2 is limited), because fi+1/2 and fi−1/2 are the
fluxes of a same cell, they are generally close to each other, therefore, fmax is close to
fi+1/2. In either case, the additional term may be much smaller than s(ni). Therefore,
the inconsistency may not be visibly noticed. This coincides with the observation in the
example of Eq. (6) and Eq. (8).
Finally, we wish to emphasize that we focus in this comment on the numerical
scheme of the current-limit approach, not on a possible way to get a visually similar
result. We feel that a mathematically correct scheme is preferred for reliable simulation
results.
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